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Influence of Polymorphous Transformatlons on Diffusion in Tltanlum'

high strength of the interatomic bonds. The following
conclusions. are arrived at:’ :
1) The coefficient of diffusion in a~titanium at the
transformation temperature is larger by about two orders
‘of magnitude and even more and the activation energy of
the process is ‘half that of p-titanium. A qualltatlvely
equal relation is observed in commercially pure titanium-
‘but the diffusion mobility in this is considerably lower
and the actlvatlon energy is higher thar in iodide
titanium, .
2) The difference in the diffus:.on parameters of « and
p ~titanium may be due to differing strength of the
interatomic: bonds or-may be associated with structural
features of: a—titanium. :
3) Structural ‘changes in titanium in the,process of -
diffusion anneallng lead to an acceleration of the process
_ of diffusion, : , o
There are 3 figures, 2 tables and 17 references, 7 of [
Card &/h which are Soviet and 10 English. | . V( '
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AUTHORS:  _Kishkin, S.T., Member-Correspondent AS USSR and
Polyak, E.V.; Candidate of Technical Science

TITLE: Kinetics of Rupture of Heat-Resistant Alloys in Creep

PERIODICAL: MetallovedeniYé i termicheskaya obrabotka metallov,
1960, No.9, PP 2- -6+ 2 plates

TEXT: To elucidate the mechanism of rupture of Ni- and Cr-base
alloys under prolonged load at high temperatures, creep tests were
conducted in vacuum (10~7 mm Hg) on flat test pieces with one of
the sides carefully ‘polished so that the changes in the micro-
structurc could be periodically observed with the aid of a low
power (x 200) microscope, without interrupting the tests. To
supplement these studies, an electron microscope was used to
examine the fine microstructure of the test pieces on the
completion of the tests. -The following conclusions were reached:
1) Durlng the first 30 to 50% of the life of specimens; tested in
creep, microcracks are formed at the grain boundaries which are
normal to the direction of the applied stress. With increasing
duration of creep, the number and the size of microcracks increase,
leading ultimately to fracture of the specimen,
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Kineticg .Of Rupture of'Heat-Rqsistant Alloys in Creep

2) Th% alloys studied in the course of t
(Zhs3 \ EIGl?A exhibited re
when subjected to short

in the grains having been observed,
lloy, in the as-cast condition, the
ace later than in the material that
inary mechanical treatment, This

ectrolytic pol There are
8 Soviet and 1 Bnglish,
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. KISHKIN, §.T., doktor tekhn.nauk; KLYPIN, A A., kand.tekhn.nauk;
NIKOLENKO, V.V., kand,tekhn.nauk

Characteristics of metal failure a.t high temperatures. Trudy
MAI no.123:5-16 '60. (MIRA 13:8)
(Heat-resistant alloys) (Thermal stresses)
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KISHKIN, S—T0| doktor tekhnom; nﬂm. ‘.Atu kﬂnd.t&khn.na“k;
KARYAKINA, ¥.V., kand.tekhn.nauk, NIKOLENKO, V. V. ; CHERNOV, M.N.

Investigating the relation of structure and properties of
mateirials for gas-turbine blades to the duration of their use.
Prudy MAI no.123:25-34 160, (MIBA 13:8)

' (Gas turbines--Blades)
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| BOKSHTEYN, S.Z., doktor tekhn.nsuk; GUDKOVA, T.I., kand.tekhn.nauk;

ZHUKHOVITSKIY, A.A., doktor khim.nauk, KISHKIN, S.T., doktor

tdc hn, nauk o e

Efféctv of pfeetresain'gkand of the creep process on diffusion

inside and along the grain bourndaries. Trudy MAI no.123:35-40

160. | (MIRA 13:8)

(Crystal lattices) (Creep of metals)
- B
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XISHKIN doktor tekhn.nauk; BENEDIXTOVA, G.P., ingh.

Strength of alloys in contact with sodium. Trudy MAI no.123:45-
52 160, (MIBA 13:8)
(Alloys—=Testing) (Sodium) (Nuclear reactors--Katerials)
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KISHKIN, S.T., doktor tekhnenauk; SEMICHASTNOVA, V.P., kand.tekhn.nauk;
ﬂ, OnYOQ inzh

ted
Pailure of nickel-base alloys under the effect of rel.)es
loading. Trudy MAI no.123:69-75 160. (MIBA 13:8) _
- (Wickel alloyn-Tglting)
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ﬂm._s&r—doktor tekhn.pauk; PODZ]Y. A.V., kapd.tekhn.nauk;
KARYAKINA, N.V., kand. tekhn.nauk, NIKOLERKO, v.v., kand.tekhn
muk' INOV, le°0| ’»nZho GRIBOV“I, Llp inzh.

stigati the uality of the surface layer on ramjet. gas-
iﬁlfim%aifs. Tr&dy MAI no.123376-89 160, (MIRA 13:8)
~(Atrplanes--Ramjet engines) )
‘ (Gas turbines—Blades)
(surfa.co hardening)

APPROVED FOR RELEASE: 09/17/2001

CIA-RDP86-00513R000722820008-2"



| "APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722820008-2

(2% S U SRR RS B R S T IR e T SRR et

i Lo >3

85379

: e nib 5/032/60/026/010/007/035
Ig_»,m - 2593{““"“ 7 B016/B054 ‘
-AUTHORS: Bokshteyn, S. Z., Gubareva, M. A., Kishkin, S. T., and
Woroz, L. M. o
TITLE: Study of the Process of Iron ecrystallization by the Method - .-~

of Radioactive Isotopes /4
PERIODICAL: Zavodskaya leboratoriya, 1960, Vol. 26, No. 10, pp. 1111-1114

~ TEX?: The authors studied the behavior of atoms at the grain boundaries | -
during the recrystallization of iron (content in %: 0,021 C, 0.014 P, “
0.011 §, 0.67 si, 0.07 Al, 0.08 Mn, 0.06 Ni, 0.033 Cu). Samples of this
iron were covered with Feb9. In annealing, Fed9 spread due to diffusion
at the boundaries between the metal grains. This permitted an observation
. of the local displacement of atoms lying at the boundary during
deformation and recrystallization annealing. Iron rods were annealed at
12500C for 8 h, and then .cut into samples (10x 10x 20 mm). The riveted
Iayer (70-80u) was removed by electropolishing in perchloric and glacial

acetic acids. An Fe59 layer 1.0 p thick was electrolytically applied to

card 1/3

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722820008-2"



; BN e Ot SRR

"APPROVED FOR RELEASE: 09/17/2001

: i'f = D SRR IR R T IR

Stﬁdy,of the Process

‘Recrystallization by
Radioactive_Isotopes

e B e AR L e e AR

CIA-RDP86-00513R000722820008-2

85379
of Iron s /032/60/026/010/007/035

the‘Method of = B016/B054

the polished surfacé. Subsequéntly,,the samples were deformed by o R
compression by 10-16% (Fig. 4) end Dby 45-70% (Fig. 2). Figs. 1-8 show the

autoradiogram (a) on

on microphotographs.

1 u thick (1% of Zap
autoradiograms, the-

plates or films HAK OV (NIKFI), type Mp (MR). The autoradiograms were: . - ‘

compared with the mi

the left, and the microstructure (b) on the right
During exposure the samples were protected by a film
on varnish in the solvent pA R (RDV)). To produce the
gamples were exposed for several days on phqtographic"'

crostructure pictures which had been taken by &

microscope of the type b4Mrfea;(MIMe8).,Next, the reorystallizatiqn

annealing was carrie
hardness and the met
their methods, the &
boundaries during pl
It was proved that i
(50-70%) degrees of

of atoms laying at i
structural change of
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@ out (Figs. 3, 5-8). A Table on P. 1113 gives the .

hods of treatment for some samples. On the basis of -

uthors succeeded .in observing the behavior of grain. -

astic deformation and subsequent recrystallizatidn.ﬁ'

ron recrystallization at relatively low (15%) and high

deformation causes no essential change in the position - -

he boundary of deformed grains. With a considerable o
the metal after a double recrystallization, as well as
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- 85379 o
~ Study of the Process of Iron , 5/032/60/026/010/007/035
Recrystallization by the Method of ‘ B016,/B054 R _

Radioactive Isotopes

after polymorphous a« — 7 transformation, the atoms at the boundaries of .-~
the initial bodies are not displaced. In contrgst with recrystallization, -

plastic deformation is accompanied by & considerable displacement of atoms.
The results prove that the displacement of grain boundaries during < .-
recrystallization and the subsequent growth of grains is connected with a
specific mechanism which differs from the ordinary diffusion mechanism.

There are 8 figures, 1 table, and 15 references: 4 Soviet, 1 US, 1 Dutch,

1 French, and 4 German.. - - N
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s/659/61/007/000/036/044
, _ D205 /D303 '
AUTHORS : W,, and Polyak, B.Vo :
TITLE: Kinetics of the preak of heat resisting glloys in the
creeping process
SOURCE: . Axademiye nauk - 9SSR Institut'metalmrgiio Tssledna-

niya po-zharoprochnym gplavam, Vo 7, 1961, 295 — 308"

TEXT: The heat resisting alloys used at high temperatures and stres- =
ses are disrupted mainly along the grain boundaries at very low pla-
stic deformations and the whole process is considered %o be slow.
Microcracks are first formed which then develop until a break occurs.
This work is concerned with the kinetics of the break of industrial,
heat resisting Ni-Cr alloys taking into pccount external factors
(temperature, time, gtress) and internal factors (structure, gtate

of grain poundaries and of the surface layer). The vacuum metallo-
graphy method of jnvestigation was applied which permits direct ob-
servation at high temperatures and stresseso Microphotographs taken
at various time intervals describe the kinetics of break between )(
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Kinetics of the break of heat ... D205/D303

700 a'900°Cnfor stresses of up tov60-kg/mm2e Development of the - -
breaking process is discussed. After 30 - 50.% of the life time of
the sample microcracke appear on the grain boundaries, directed nor-
mally to the tension stresses., In.time the number and dimensions of
the cracks grow, causing the material to break. Increased stress
accelerates the. process which proceeds in two stages: Gradual de-
velopment of the cracks on the grain boundaries followed by a fast
final break. No appreciable internal slip was observed in the grains
of the Ni-Cr alloys at high temperatures and at usual working sires-
ses. The break occurs by the development of the cracks at 1 - 3 %
elongation, while at very high stresses (of the yield point order)
the elongation reaches 10 - 15 % which is caused by very intensive
internal slip. The surface damage on prolonged heating, connected
with the oxidation and burning out of some of the alloying elements;
accelerates the development of the cracks, lowering the durability
of the material. Surface protection is, therefore, required to en-
sure longer working life. The coarse structural non-uniformity
showing itself on the surface in liquation strips and oxide films
causes premature crack developments and break. Removal of the dama-

Card 2/3 7 X
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87, ‘o, 10, 1961, 18821189

U ppatty: Fhe methéds based on i At’ﬁibl?;&ﬁﬁﬂtg@ﬁoa"azj.sm ¢hemioal coms .
 positich of tné test layer il ié?m'f~fét";,ﬁ‘ymui‘una ‘suifase layers of
slloys heated in air are insufrisient- for atudying thé. pFasesses taking
" place, Tor thid pﬁrpbsi,‘ih}“,lﬁﬁbﬂf | y}arliid“i"igthogl_atiphgn_mshgu_
. id layérs, ahd were able 'fié.ufiii_ﬁ‘o’j_ﬁi-uitnhﬁuan' of alloying elements
. - smonj thHe 1pdividual phases; "VReiF dasira- anid “oofivent: in.edoh layer.
87710 inéde deposits teken By ‘layers and }-.*_hqizéo;"‘rgqp'emiﬁi- porsions of
eleotrolyte were u‘nulyioa_';ahdgtnuiz?f?tiai‘_;;ﬁstnci; éapple anode déposits
aze dsepirated in layérs 'faif"'i‘ajiisj‘-ﬂinoﬁi-ii “qaklydie W iloroneter and
salouladion by weight of ihe aetal dissolyed, “the LayerTddpth vas =
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! llrwd ad eleotrolyte ﬂml:i !ll"“hﬁb‘ Tyl mmmn nlph . :
- (dligetar 10-12 mn) -gerved ie°enede. ThY” oynauuu cathede frém stainless
 #Yeel Péached like thHe~ arcdy 4o ¥HE BEVIA L the véasel,  The level of :
‘%8 §leotrolyte was fot’ ‘Bighe2"Yhaa R RReAS haight. . The following
matériala.were investigetedi. Alleys. ol ihi Aype Mﬂ? (llﬂ?) tﬁor 8 hr

heating at 1080°, 16 hr sgitg oY 700"0' and sooling ih.airy and of w
Aype M1 (BI617) atter 2 b hvaring 150%, 4 he heaving o, 1030%,

- 44-hp- agitg st 800°C, and soolifg 14 m. Ozidation.of emrfade 1eyers (4) |
oodurs frontally. In deeper layers. ()7 oxygen diffusion. dakes place clou
grain boundaries. Dissolusion on dhe: \;i*tau is suffialent for Aj ,
‘dissélution must penetrate devpar for 3. dn order to. obtain satisfactory

- Fesilts. of analysis. The. ddedolubi ‘perforned wish’ elaatrolytes 18
(10 g (MK, )aso4 and 10 g odsrde nu 4871200 al n,o) and 81 (sﬁ solution

- ot lwdroahloric acid in cn,ol). In 1!, Ahe Ia('-phno. oxidu and un“u, e B
u 84 oxides and ocarbides are upu‘nhd., Phn- iopu‘sﬁiea in layer I dakes * '

place X num of 0. 05 u/cxia oy 10"\ Mﬂt 193 (osidu nd ulu umm
Ou'd 2 i PEDE e I
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Phase snalysis of surface layers of ... . "B110/B101 o '

poor in' alloying elements) is not dissolved e‘.t-EIé‘l?, ‘and only selectively -
at EIA37. When operating with 18, the ‘boundary between layers II and III
may be determined owing to the .appearance of the o' -phase in the anode
deposit. Layer II of EI61T is dissolved in 81 under continuous control of
the solubility in 18. For this purpose, the enalytically weighed. sample is
jmmersed in 18 and, unless it dissolves here, it is dissolved for~A0 min
in 81, the deposit is removed, dried, weighed, and the cycle is repeated -
up to dissolution and separation of the At -phase in 18, Layer III - '
consisting of solid solution (poor in alloying elements) and <'-phsse on
the basis of NiB(AL,Ti), as woll as layer IV of initial alloying composi-

tion, are dissolved in 18. The anode deposit separated in 18 and 81
(1ayer.II, EI617) is filtered off and washed out with 0.2% electrolyte

solution up to hégative N12+ reaction. Electrolyte and rinsing water are
united,. evaporated, filled up to 200-250 mlj 50 ml of it is mixed with 10
ml H2804 (1.84) and heated. H;0, is added to the dark-brown liguid '

obtained. It is heated up to dqstruction’ of H,0,, filled up to 100 ml,

and the elements are determined. Anode deposit I is molten with KHSO,, the
Card 3/5 | 4
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melt is dissolved in 5% 32504, and filled up to 200-250 ml. Acco:din8 t°'.

X-ray structural and chemical analyses, layer I (up to 0.005 mm depth) is-
strongly enriched with Cr, Al, and Ti. It consists of ue203 (Cr203, A1203,

NiO'TiOz) with trigonal crystalhstfuctuge, the parameters of which are
similar to those of Cr,0, In layer II (in~0,02] mm depth of EI 437 and

in ~0.40 mm depth of EI617), as in layer I, &'~ and carbide phases are
destroyed through Cr-, Al-, Ti and C diffusion to the periphery, and the
oxides are formed. Layer III ig ~0.10 mm depth in EI437 and ~0.15 mm in
BI617. In EI4375 the Mezo3 are enriched with Cr in peripheral layers, and

with Al in deeper ones. In EI617, }\120"3 ‘already exists at small depth,

which suggests a missing equilibrium state.  Gas .turbine blades of IN43TA

(EI437A) operating at {700°C, where uniform dissolution was difficult, were
tested in this way. Layer I was missing (mechanical wear)., Impoverishment
in chronium was found down to 0,075 mm. The Ti content of the surface 3}

layer was constant. The Al enrichment at a certain depth cannot be
explained. Destruction processes on the surface starting at the grain

Card 4/5
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Phase analysis of surface layers of ... B110/8101 -

boundaries are explained by deep oxygen diffusion along the grain '
boundaries. N. N. Rudneva, N. A. Shumilina, K. V¢ Smirnova, and &. N.
Sokolov assisted in the experiments. There are 3 figures, 2 tables, and
4 references: 3 Soviet and 1 non-Soviet.
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33464
' , $/129/62/00 7001/007/011
|gas)  mre i Bo73/E335.
AUTHORS : Kishkin, ST .. corresponding Member of the AS .USSR,
LozinskiY, M.G.y Doctor of Technical sciences,
~ Bokéhteyn,‘s.z., poctor of Technical'Scieﬁces;Profesyx;
SokolkoV, Ye.N., Candidate of TechnicalTSciences
TITLE? Influence ofrhigh-temperature plastic deformation
on'the'mechahical properties of heat—resistant-
nickel-base alloys .
PERIODICAL: Metaliovedéniye,i termicheskaya obrabotka metallov,
» no.l,n1962, 38-40 + 1 plate ~ : ‘
TEXT Two.Nl-Cr—base alloyé were investigated: the 1ow-carbon
WUL378 (ET437B) alloy of the standard composition and the
IN617 (EI617) ‘alloy, containing 0.12% ¢ and additions of W and
Mo, Th alloy EIA437B was gubjected to the following’thermo—
mechanical treatment! 'blgnks'of 16 mm diameter were first soaked
'1080°C and rolled_at this temperature at a. rolling
0.2 to 0.3 sec after

to 30% reduction.
the austenitaa

speed of 4,5 m/min
anks were quenched to supercool

deformation,
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Influence of coo _ _ E073/E335

and to retain the structure, produced as a result of high- ]
temperature plasticwdeformation. The blanks were then '
aged at 700°C for 16 hours. Blanks of the alloy EI617 were \>l\
heated to 1200°C and stamped in a press, so that an average

reduction of 30%-was_achieved; this was followed bywquenchingA

in water, The blanks were then aged at 800°C for 16 hours.

The results: of static tensile and. impact tests at room

temperature are given in Table l. Studies of the jnfluence of
thermomechanical treatment on the creep strength of austenitic
steels revealed that recrystallization should be prevented

during high—temperature plastic deformatidn since it would

cancel out the peneficial effects of the thermomechanical
treatment. ’Miérostructural jnvestigations correlated

with the results of mechanical tests indicate that the increase: in
strength and ductility occurs even if recrystallization has not
been fully suppreséed, _TheAincrease in strength is

attributed to.an increase in the quantity of the

carbide phase, to changes in the finely crystalline

Card: 2/4
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Influence of .... : E073/E335

structure of the material and to texturing. The large increase

in the ductility of the-investigated alioys is obviously due

to the absence: of intercrystalline fracture.: The following -
participated in the experiments: N.I. Korneyev; . T.A.Gordeyeva,
Ye.I. Razuvayev, O.N. Podvoyskaya, M.N. Kozlova,

L.M. Strizhevskaya, T.A. Volodina, N.F. Lashko, E.V. Polyak,

G.N. Korableva, A.V. Bulanov, M.I. Spektor and I.G. Skugarev.

There are 2 tables and 7 references: 4 Soviet-bloc references

and 3 non-Soviet-bloc. The three English-language references .
mentioned are: Ref. 4: - E.B. Kula, J.M. Ohosi ~ "TASM", vi52, :
1960; Ref. 5: DJ.Schmatz, J.C. Shyne, V.F. Zackay - Metal :
Progress, v.76, no: 3, 1959; Ref. 7: E.B: Kula, S.L. Lopata -
Trans. AIME, v.215, 1959. .
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Table 1:
o . ‘Mechanical Pro i SIS
. . | per ;ll.oav RS
oy ;‘eatment 7 Gbé2v 0 8, \‘)’ ::‘.k’ 'HB )\ }‘k
kg/n kg/mm2 % % kgm/cna (déln-’
} _ o o)
EI437B Standard (reference’ T :
. TMgp:c’imens) Lo - 97.0 25 0 20,9
| = 19 32,0 30l7 _ -
Standard (reférenc B | ‘
EI61 ' ° '
7 T;g:cimens) 71.7 103.7 14.6 10.1 1.8 3.6
0% 31.2 25,9 7.8 3.35
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AUTHORS. Bokshteyn, S. Z.,l%%ghk&24_§&144 Lozinskiy, M.G. and
. Sokolkov, Ye.N. (Moscow) . , -

TITLE: - Thermomechanical treatment of'a chromium-nickel- - -
7 manganese. austenitic steel

'PERIODICAL: -Akademiya: nauk SSSR. IZVestlya._ Otdeleniye

tekhnicheslkikh: naulk. Metallurglya i topllvo, no. 2,
1962, 15 - 21 . . .

TEXT: = .. The,rso-called,_"thermomechan1ca1 treatment" (TMO)
consists essentially of .combining plastic: deformation at T
temperatures above the recrystallization- temperature with - VA
quenching under conditions-precluding recrystallization of.the, b/f/'
plastically deformed material.: The effect of this treatment on
the structure and properties of various materials has already
been studied by other workers. Some additional data on TMO
of austenitic steels are presented in“the preSent paper, with
nartlcular reference to the properties of these steels after

THO to the ageingtreatment and to some characterlstzcs of the
diffusion processes.’ The- experlments were: conducted on chromiun-
Card 1/8 .. . -~ -
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nickel-manganese austenitic- steel JW 481 (EI481) specimens,
15 and 60 mm in diameter, the former 150 and the latter 250 mm
long. The plastic-deformation part of TMO was effected by S
rolling at 2.4 m/min in the case of specimens 60 mm in diameter /1
and at 4.5, 7.5 and 13¢5 m/min in the case of 13 mm diameter BRI
specimens, ~ 25 and 30% reduction was given in each case. _
RecrystalliZatiQn'of,the 13 mm diameter specimens was suppressed -
by immedipte gquenching in a water tank mounted on the rolls
ousing, the time interval between completion of the rolling
operation ‘and quenching amounting to 0.2 to 0.3 sec. Rapid
cooling of the 60 mm diameter specimens was attained with the
aid of a ‘specially designed spraying-device. Preheating of

{° the test 'pieces for rolling was done imn. air in an electrig

: furnace, the preheating temperature and time being 1. 180 °C and

2 hours’, @iﬁpéctivaly. TMO of small (15 mm diameter) test
pieces wag carried out after cooling them from 1 180 to'
1 100 °C.%,In the case of large (60 mm diameter) test pieces
TMO was belied at- the preheating temperature and after cooling

0P
Card 2/8'hV
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to'1 150, 1 100, 1 050 and 1 000 °C. A number of test pieces
were given conventional treatment (water-quenching) to obtain
control s;pecik:_xons}for comparison. 'All the test pieceso(whether
quench-hardened of subjected to TMO) jwere aged at 680 "C;for
10 hours, after which they were~given an additional_treaiment
of 10 hours at 790 °C, followed by air-cooling so as -to attain °
hardness corresponding to the indéntation diameter dcfhidwi"ﬁﬁ

W ———

= 3.5 - 3.7 mm. In additign to standard tensile tests_at room
temperature, tests at 650  °C were carried out under c§ﬁditions’
of short and prolonged loading, the latter (i.e. creep),tgsts
being conducted under an applied stress of 59 or 43 kg/ram” .
To study and compare the progress of diffusion processes in
material subjected to TMO or given the conventional treatment,
the rate of diffusion was measured by a radiocactive-tracer
technique, entailing cutting a taper section across the diffusion -
region. . 5 A o : .
A.thin film of Fe 9 was electrodeposited on the specimens studied,
which were then given 'a 150-hours diffusion-anncaling treatment’ -
at 800 ‘?C, in vacuum, after which both volume and grain-boundary
Caxd 3/8 . . oo | '

= B - i A P
R i S O TIPS S

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722820008-2"



"APPROVED FOR RELEASE: 09/17/2001

T AR AT A 7

CIA-RDP86-00513R000722820008-2

) oo - - . - j ] b N , - 55 72

St
. 4 .
RN

el

Il

ST ' §/180/62/000/002/001/018
Thermomechanical treatmient +e.. . E193/E383 R

diffusion coefficients were determined.’ Overall diffusion
coefficients were also calculated with the aid of the A E
absorption method. Phase-analysis was used to study the effect
of hot plastic deformation on -the process of carbide-formation
during ageing. Electrolytic extraction of the carbide phase '
from various test pieces was carried out in a 5% soluéipn of
hydrochloric tacid in methanol. The anode residues wergtalso
examined by X-ray diffraction measurements. Preliminai? '

. examination of the microstructure revealed that, irrespective

- of the rolling sp%ed employed during TMO, full suppression of
recrystallizationihad been-achieved #m small (13 mm diameter)
test pieces only.! None of the TMO procedures used on lafge

x

(60 mm diameter) test pieces had ensured suppression of the
recrystallization process. The results of standard tensile tests
at 20 and 650 "C, carried out on small specimens, showed that

T.I0 brought about a slight increase in UTS at 20 © (from

108 - 114 kg/mmz) but had no effect on the sf:cngth of steel
ﬁt 650 °c. The variation in plasticity was somewhat different.
Card L/8
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‘“hus, as the rolling speed during TMO increased, the elongation

‘of steel at room temperature decreased below that of specimens
heat-treated in the conventional manner and then increased to

ciiceed this value. The same applied to reduction in area which,

aTter T™IOC entailing deformation by rolling. at 13.5 m/min, attained

o value of 33%.29%, i.e. 25% higher than the value attained after
conventional treatment. The results of tensile tests at 650 °c

also showed a slight increase in elongation of specimens

subjected to THO, although reduction in area of specimens

rolled at 13.5 m/min was somewhat lower than that of the control .
zest picces. The results.of accelerated creep ests conducted »
on small test pieces under a stress of 43 kg/mm” showed that L/%/
irrespective of the conditions during TMO, the time-to-rupture

of the stecels studied increased after this treatment by 20-25%.

The corresponding increase for specimens tested under a stress

of 39 kg/mmz amounted to 600%. Metallographic examination of
small specimens showed that recrystallization during THMO had
been completely suppressed in each of the specimens'ekamined.
This was indicated by the ‘absence of new small crystals which

Card 5/8

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722820008-2"



"APPROVED FOR RELEASE: 09/17/2001

SRR LA TR S DN

CIA-RDP86-00513R000722820008-2

]

, o A : $/180/62/000/002/001/018
. Thermomechanical treatment sees. EL95/E383 . o

were usuallyvforméd in recrystallized material along the
poundaries’:of the original grains. A - common specific structural
foature of all specimens subjected. to TMO was distortion of
grain bouhgaries which had assumed a characteristic serrated
contour. . A distinguishing. feature of specimens rolled during
mi0 at a speed of 4.5 m/min. was well-developed sub-structure. )/
Trc formation of sub-structure was associated with the formation [P B
oo blocks (several tens of microns in size) in the interior of

the grains. The relatively large angular misalignment of thesc

blocizs was indicated by the ease with which the block boundaries
~could de revealed by etching. No such clearly defined sub-

structure was observed in specimens rolled during TMO at higher

speeds, although in a few isolated instances there was some

evicence of blotk formatiomn. The formation of the fine structure

could be attributed to polygonization processes and subsequent-
decoration of the low-angle boundaries by the solute atoms and
second-phase particles| Another specific feature of the structure
procuced by TMO is-the}fragmentation of grains, i.e. sub-division

. Card 6/8
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into parts whose dimension are commeasurable with

of the grains. themselves. It would appear that

.centation is mainly a result of intensive twinniqgégaking‘
slace during hot plastic deformation. - As stated already, none
of the THO procedures applied to large (60 mn diameter) test-
sieces ensured complete suppression of recrystallization, the
cxtont of which increased with depth so that an unrecrystallized
structure was obsérved only in the very surface layers of the v
saterial. In this case TMO had practically no effect on’ the /

A

-‘
1
-—
P
4
-

resistance~to-creep of the steels studied. The results of phase .
analysis showed that although the chromium—carbide'content'of
specimens subjected to TMO. had increased:considerably, it was
independent of the rolling speed employed in-the course of this
treatment. The'vanadium-carbide‘content,of the material was :
practically unaffected by TMO. Finally; the results of diffusion
studies indicated that after TMO the coefficient of volume ’
ciffusion of iron in steel'at 800 °C increased fourfold. Since,
owing to a general increase in the diffusion mobility, difficulties
were cncountered in determining the grain~boundary diffusion

~ Carda 7/8
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coefficient, the overall diffusion coefficients were measurced

by the absorption method. Comparison of the results obtained

for test pieces with different structures showed that the S
overall diffusion coefficient for materials which had undergone k/"
THO was more than twice as high as that for specimens given the T :
conventional treatment. The general conclusion reached was

thrt in addition to the previously established strengthening

et ect of grain-~boundary distortion caused by TMO,, K the beneficial
efTcct of this treatment on the high-temperature properties of

sicel was associated with an increase in the quantity of the
strengthening phase and, possibly, with refinement of the mosaic
structure and formation of slight texture. There are 4 Tigures

and 2 tables. g : )

:

'SUBMITPED:  October 11, 1961
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AUTHORS 5 Bokshteyn, S.2Z., Doctor of Technical Sciences,
Professor, é?ghkinﬁJig[., Corresponding Member of the
Academy of Sciences and Moroz, L.M., Candidate of
Technical Sciences

TITLE: Influence of carbon on the movement of grain
boundaries in the recrystallization of iron

PERIODICAL: Metallovedeniye i:termicheskaya obrabotka metallov,
T nos 3y 1962,v8 - 15

TEXT: “Liicke and Detert (Ref. 1 - Acta Metallurg, ve5, mos 11,
1957) and Beck (Ref. 2 - Metal Interfaces, Cleveland ASM, 1952)
consider that there is a sharp drop in the speed of recrystalli-
zation when the concentration of an impurity reaches some

critical value (about 0.01%) below the solubllity.- Impurities
forming a second phase also retard the growth of recrystallization
centres. Using their radioactive-isotopes technique (Ref. 6-
"Zavodskaya laboratoriya, no. 10, 1960) the present authors and
M.A. Gubareva have studied the influence of carbon on the
behaviour of grain boundaries in the recrystallization of

Card 1/4% : '
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technical-~grade iron. Carbon was chosen as an element
practically insoluble in alpha-iron; it is known to lead to

an increase in the activation energy of recrystallization of
iron and, if present in quantities even slighly in excess of 1ts
solubility, to prevent collective recrystallization, particu-
larly at 620 - 700 C. Specimens were saturated with carbon
from donors at 700 °C for 2 hours. The behaviour of carbon
atoms at iron-grain boundaries was followed directly during
deformation and subsequent recrystallizing-annealinga
Recrystallization was studied on specimens 10 - 15 and 50 - 70%
deformed, the first being in fact close to the critical valueo.
Autoradiograms,obtainedAbefore.and after deformation were com-
pared. From this and the microstructure the behaviour of the
carbon was evaluated. The sizes of all grains increased after-
deformation; heating to 550 O¢ failed to produce recrystal-
lization but growth of alpha-phase grains occurred. Carbon
tended to move towards grain boundaries even when this meant
going into a region of higher carbon concentration. At 650 °c
recrystallization was almost complete, the carbon remaining at

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722820008-2"
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the grain boundaries produced after heating at 550 °c.

Although recrystallization was practically instantaneous, a
completely new fine-grained structure was produced. [eating to
750 °C produced growth of recrystallized grains and movement,
not always complete, of carbon to the new grain boundaries.
Recrystallization annealing at 700 °c for 45 min of specimens
after 13% deformation gave little change in microstructure;
carbon moved from the boundaries of deformed grains to those
of the new recrystallized grains. The influence of the alpha~
gamma transformation on the behaviour of carbon atoms located
at boundaries was studied in another series of experiments.

For this purpose specimens were heated at 950 "C for 1 hour.
Completely new grains were produced, the carbon both migrating
to them and forming large accumulations of carbides. It is
evident that the behaviour of impurity atoms located at
boundaries and forming interstitial solutions is very different

from that of boundary atoms of the base element; as shown
previously (Ref. 6), boundary atoms in iron recrystallization
Card 3/4 X
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(or polymox;phic transformation) remain in practically the
fame position; carbon atoms follow newly-fcrmed gra;.n
boundaries.,

There are 8 figures and 1 table.
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on a press at 20° (height reduction 25%) to investi-
The specimens werse electrically

gate the effect of cold working on the 8D of the Mo.
' faces was activated with radioactive Mo’7 in 2
1 vacuum furnace

polished, whereupon one of their
. galvanic bath. Diffusion anneal wa‘f then performed in a specia ;
720-2,000°C. The SD coefficient was

(exploded view shown) at 10-2-10"% torr and 1, -2,
measured by the two genior authors' method (Zavodskaya laboratoriya, no.7, 1960,

828-830) based on the shift in the activity curve (summarized). Test results: The
gelf-diffusion parameters measured (and tabulated) indicate an appreciable augmen-
tation effect of even small additions of Zr on both the gelf-diffusion activation energy
of the Mo and the factor before the exponential term. Thus, atT above Z,OOOOC the - :
SD coefficient of Mo does not depend on the alloying, butat T below 1,700°, in which
the value of the activation energy is decisive, the SD rate decreases with increasing
7.z content (numerical values tabulated). Even though antecedent cold-working de-
presses the SD activation energy of the Mo in Mo-Zr alloys, the activation energy

of upset specC i sing Zr content. Inasmuch as the diffusion
- anneal of the deformed alloys was performed at a T substantially above their recrys-

leteéd in buta fraction of the anneal time, and the

- tallization T, the latter was comp
" diffusion in the grain volume continued through an extended time in the absence of

any structural transformation, so thatany observed lowering of the SD ‘activation
energy of the Mo is regarded as @ result of irreve rsible structural changes attribu-

Part of the specimens were upset

 .Card 2/3
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anneal is attributed to a healing of crystalline-lattice defects which previously had -
served as ""short-cut paths" for the diffusion; cold-working appears to firm up the
defects, thereby inhibiting the healing effect of the anneal, The relationship between

‘the SD coefficient and the activation energy is further examined and, in agreement

with G. J. Dienes (J. Appl. Phys., v.21, no.l1, 1950, 1189) ‘and 3 Soviet authors, is
found to be exponential, The results of this investigation agree with existing
knowledge on the favorable effect of relatively small additions to Mo on its recrys-
tallization T, its hardness (ref, Pipitz, E., Kieffer, R.. Zs. f, Metallkunde, v. 46,

‘mo. 3, 1955, 187-194), ‘and its high-T stress-rupture strength (Northcott, L. i

Molybdenum, Russian translation, Moscow. Foreign Lit, Publ. House, 1959, 107-108).
There are 2 figures, 4 tables, and 16 references (11 Russian-language Soviet, 1
German cited above, 4 English-language of which 1 is a Russian translation),

ASSOCIATION: None given,
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BOKSHTEYN, 8.Z.; KISHKIN, S.T.; SVETLOV, I.L.

Breaking test for whiskers of copper, nickel, and cobalt
crystals., Flz, tver.tela 4 1n0,731735-1742 Jl 162,
' (MIRA 16:6)

(Strength of materials——‘l‘esting) (Metal cryatala)
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AUTHORS ¢ Bokshteyn, S.Z.,:Doctor of TechnicaLSi:ienc.es,‘Professdr,
Bronfin, M.B«, Engineer, Kishkin, ,,S,‘,.T:' poctor-of
Technical Sciences, Professor,""’ﬁaroz, L.M., Candidate:
of Technical Sciences . ;
TITLE: Grain boundaries on recrystallization ’ -

PERIODICAL: Metallovederiiye‘-i_etermichegkaya obrabotka ‘metallov,

4 _ no.9, 1962, 6-8 A _

. TEXT: ‘This is a continuation of carlier work (vZavodskaya
laboratoriya", no.10, 1960). The behaviour of W, Ni, Sn and o
C admixtures pres jes ‘during recrystal'Li'zation :

ent at the grain boundaries -
of iron (0.021% C, 0.014% P, 0.011% S, 0.,67% Si, 0.07% AL,
v,.08% Mn, 0.06% Ni, 0.033% .Cu) was studied by autoradiographiq_
vi'nvestigation and microstructural analysis.
forming with iron substit
W, Ni, Sn and interstitial s i »
were introduced by diffusion saturation at 600 to 700°C.  The

recrystallizéxtion was carr
of 10 to 15 and 50 to 70%. The Ni, W and Sn were completely. .
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soluble in iron at all recrystallization temperatures
investigated and remained in their original lattice positions,
despite substahtial changes in the structure of the metal.

The behaviour of carbon atoms was substantially different: :
above 750°C carbon passed from the boundaries of deformed grains ¢
to the boundaries of new recrystallized grains. However, in the o1
initial stages of recrystallization (after 30 to 45 min at A
650 to 750°C) carbon atoms remain at tho boundaries of the iustial
grains and boundaries of the new grains remain free from carbon.

The possibility of "heredity", i,e. preservation of the initial
structural and concentration non~-uniformities in recrystallized

metal was demonstrated on a molybdenum alloy (0.54% zZr, 0.003% Cr,
0.0008% Ti and 0,011% C). A thin layer of tungsten 185 snas
electrodeposited on the surface of a flat specimen of the deformed
alloy, submitted to a preliminary annealing at 1700°C. The '
activated specimen was then annealed in vacuo at 1750°C for

100 hours. Autoradiographs of an oblique section showed the

presence of an accelerated diffusion not only along the boundaries

of the newly formed grains but also a preferential penetration of

Card 2/3 . ‘
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the w185 along those sections where old grain boundaries were
pPassing before recrystallization. The velocity of diffusibn.
along the old boundaries was lower than along the new boundaries,
nevertheless it was noticeably faster than .volume diffusion.

The results confirmed that within the grains the process of grain .
boundary migration does not produce as high ‘concentration of
defects as is produced at the ‘beginning and at the end of the -
boundary migration. There are 6 figures, '
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: j=Selsy Ted,; KISHKINA-RATNER, S.ley- doktor
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doktor tekhn. meuk, red.; SHUBNIKOV, A.V., red.; SHOHERBINA,
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doktor tekhn, nauk, red.; ZHEREBKOV, S.K., kand. tekim, nauk,
red.; BOGATYREV, P,M., kand, tekhn, ’pauk, red.; BUROV, S.V.,
kand, tekim. nauk, red.; POTAK, Ya.M., doktor tekhn, nauk,

“red.; KUKIN, G.N., doktor tekhn, nauk, ved,; KOVAIEV, A.I.,
kand. tekhn. nauk, red., ZENTSEL'SKAYA, Ch.A., tekhn. red,

[Building materials; ;- an encyclopedia of modern technology]
Konstruktsionnye materialy; entsiklopediia sovremennol tekh~
niki. Glav. red. Tumanov, A.A. Moskva, Sovetskaia entsiklo-
pediia, Vol.l. Abliatsiia - Korroziia. 1963. 416 p.

’ (MIRA 17:3)

1. Chlen-korréSpondent AN SSSR (for Kishkin).
. : . . i
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'; 'KISHKIN, S.T,

Diffusive mechanism of relaxation of residual stresses and the.
~ role of diffusion in-the Rebinder effect, Issl, splav, tsvet, .
met, no,4s39-47 t63. . (MIRK 16:8)

(Strains and stresses) : (Diffuaion)
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(TTTLE:  Aglng of plastically deformed alloys |V -~ . ..

SBSIUCE: ) revis
end alloys (Tr).;
only up to a‘ce

i:wl al-égy [unidentified] aftes

v P lower than conventionally tieat

oy _ _ 23.25% higher, At lower service {empe '?g‘?t
increases. g ' 12 f:,;_500C for Ti-base alloys) TMI greatly
¢9'3:1/7’;},'4"' 1€, ¢ _peci_a;lly_‘yl‘l_éxrxpo,mb?pe@ with agi
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: d by pla.stic deformation a.t 1000
re n: 0% followed 'by 8ging. The VIZ-1 Ti-bese alloy,
,-Water. quenched, end sged at 5500 for 2 hr, had a tensile strength
ature. of 45,5 kg/mm2 elongation of.9, h%, reduction of: area of
%, ‘a notch tqughness 0£:2,0 mkg/cm?,’ ‘and ‘a rupture 1ife (at 450C under
50:hr;- corresponding figures:for a conventionau
g/mm: A28 344 2,9 wkg/cm2, and 108 hr. ‘sti11

_ two-stage '.PH.T- : deformation at 1200c followed_»,
C:a - formation with a reduction-
ching and ag:lng. After such" treatxnent the’*" ;
- 1 ;5500 under 8 atress :
) . sofsekg/'z corres '
treated. a110ys vére: 3 to” 7 hr ead r.: COmbined trea*ment of the lKhlsnzyMp

_gt:gllc();orgéngtzith_ 0%:_ eduction 10100, water quenching, s8izing at. 600c with”

reduction, ‘com th -aging for. 2. hr increased the te ngth
o5 200 by ot end at 4500 by 6ok, ena the 4 wnder 4 stens®

B b'y“.' 5‘ 3 P . g
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BOKSHTEYN, 8. a 3 BRONFIN, M, B., KISHKIN, S.T.; MARICHEV, V.A,

M’WWM

Internal friction of deformed molybdenum and its alloys with
2irconium and rhenium, Fiz tver, tela § no,11:3075-3080 N

163, - (MIRA 16: 12)
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2 -ACCESSION NR:- AT4013931 . 8/2659/63/010/000/0081/0086

" |-AUTHOR: Blistanov, A. A.; Bokshteyn, 8.Z.; Gudkova, T. I; Zhukhovitskly, A. A. |
. VKighkin, 8. T, .. - o ~ - | o
i i ———— ATt I . :

- “TITLE: Investigation of the influence of stress on pore formation ' B f sk L

SOURCE: AN SSSR. Institut metallurgii. Issledovaniya po zharoprochny*m splavam, ' - :{‘
v. 10, 1963, 81-86 . , L A

TOPIC TAGS: pore formation, high temperature stress, external stress, strain,
cracking, brass, alloy structiure :

| ABSTRACT: Pores arise from the coagulation of vacancies produced in the crystal
lattice by high temperatures and the effect of external stress and plastic deformation.
There is very little information in the world literature on the various factors affecting
poro formation, and most of the work which has been done is qualitative in nature. e
There has been little theoretical work with a quantitative approach, and no experimental i~ -
work, despite the importance of the subject. The present investigation considered the T
main-laws of pore distribution, the influence of external factors on pore formation, the '
relationship between pore formation and the structure of the specimen, ‘and the mechanism i

Card, M3 oo
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of-the-formation of pores and cracks in the presence or absence of external factors. -
Experiments were carried out on X -brass annealed for 50 hrs. at 800C, electropolished,
. heated by diffusion and then subjected to density determination and examination of the
microstructure. The results corroborated the main laws of pore distribution near the §
sample surface, but showed that the distribution often differed from that predicted on the - j
basis of the laws of diffusion. A theoretical analysis is carried out of the nature of pore -
; distribution at varying depths inthe specimen, ylelding a calculated curve with a maximum-
“..-| pore density which agreed well with the experimentally determined curve for brass. In .-
<[ polyerystalline brass, pore formation takes place primarily as the result of the limited
' diffusion of zine, with volume diffusion playing an increasing role at high temperatures. ;
External stress was found to play an important role in accelerating pore formation and =
development along the grain boundaries. Under the influence of stress, the energy
of activation for pore formation was increaged to 26 kcal/gram-atom. It was thus of the .
same order of magnitude as the energy of activation of diffusion of the volatile component
along the grain boundaries. It is suggested that at high temperatures cracks develop
maixiy as the result of destruction of material remaining between the pores, while at low
terpzratures the principal procoess is pore coagulation. 'The role of impurities in pore
¢ formation and tholr offost in detormining the pore distribution is pointed out, A =~
. theorciical evaluation of the role of-the grain boundaries in pore ormation, using the

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722820008-2"
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7 Fisher- formula showed that t.‘ne grain boundaries are the prlncipal channels along which -
the movement of the volatile component takea place. Orig art. has: 3 figures and 1-

formula.

iy
R
o

ASSOCIATION' Instlhxt metallurg’li AN SSSR (Matallurgical Institute, AN SSSR)
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" . ACCESSION NR: AT4040406 ' 8/0000/s4/000/000/0025/0035 ¢

’

| AUTHOR: Bokshteyn, §.Z.; Bronfin, M. B. ; Kishkin, 8. T.c.-
: ',."" TITLE: Surface and bulk diffusion of tungsten in melybdenum

*: SOURCE: Protsessy* diffuzit, struktura 1 svbyétv@ metallov (Diffusion processes, atnictﬁ_m’ ;
' “and properties of metals); shornik statey, - Moscow, Izd-vo Mashinostroyeniye, 1964, 25-35 : -

: ;TOPIC TAGS: tungsten, molybdenum, surface diffusion analysis, bulk diffusion analysis,
_. autoradiographic analysis method, activity curve analysis method, diffusion coefficient,
-+, diffusion equation, diffusion activation entropy, vacancy formation energy B

"ABSTRACT: The radioactive isotope w185 yag eléctroplated on fine-grained flat plates of P

- Mo for autoradiographic analyses of bulk diffusion and surface diffusion, as well as on coarse- - -
' ‘grained cylindrical samples for bulk diffusion analyses based on displacements of activity : :
- eurves, Diffusion coefficients were determined for all samples (see Table 1 in the Enclosure) - -
-and further processing yielded the equations , - T P

S D= 3,18 exp [Z(112000 + 1000)/RTJ om/sec .
|Cord a4 . ] o G

5
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o |
" 'for bulk diffusion and ,
L Dgyrt = 1.1 exp(-77000/RT)emZ/sec

o

" for surface diffusion. It is concluded, that the entropy of activation of Mo self—d}ﬂna{én is. Rt
- ‘greater than zero, in agreement with Zener's theory of Dy for atomic diffusion; and approximate
e ;value»g for the entropy of activation of W diffusion in Mo.  Energy of vacancy formation Q, = ..

;36 keal/g-atom, ratio Q /Qqjgr = 0.3 to 0.4 (0.32 for Mo, 0.39 for Cr). Orig. ert. has: -
§8formulas,4ﬂgures'and4_tab’lép*';_ ST S R Tt

'-é'i'.ja?,_iAssocm'rmN: none

‘:-:b“ ! : ’
’_SUBMITTED: 09Dec63 -

“IsuB CODE: MM *: .
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K Table 1. Diffusion cosfficient in om/sec. for diffusion of W in No. |
Temp. of diffusion W - e
annealing in °C 1700 1760 1830 1850 1880 1900 1|

. Bulk diffusion, ac- . Bxlo'l.z L 1x10'u :

) tivity curve dis- i X . —

placement analysis (47.5) - (109. 5)
- {hrs.) , R
. Bulk diffusion -12 -12 -12 . -
autoradiograp}’\ic 9. 9x10 2,0x10 8. 9x10 . 1..2x10
analysis (hzfs.) {112) {108) (103) - (99)
Intercrystalline 5.4x10° 1.3x107° 2. 0x1078
) " diffusion — - —_— — ]
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1950 2100
1.26x107 1%

(59) o o
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' - i - PR

.IA R:  Bokshteyn, 8, z,; Bronfin, N, B.; Kishkin, §. T.; Marichev, v. A, :

| TITLE: Investigation of conditions at the 8rain boundaries {n wolybdenua and ;

-~ 1ts alloys with sirconium and rhenfum by the wethod of internal friction f S

-~
T SOURCE: Protsessy#* diffusif, cémktun' 1 svoystva metalloy (Diffusion processes, |
| structure and Properties of metals); sbornik ‘statey, Moscow, Izd-vo Mashino- =

'} stroyeniye, 1964, 40-51 Lo : T S

.| TOPIC TAGS: wolybdenum, ®olybdenum alloy, molybdenim 8rain boundary, molybdenum
thenium alloy, solybdenum sirconium alloy, ‘Thenium, zirconium, internal trtctloq,
Stress relaxation, alloy diffusion. ' - R :

.1 ABSTRACT: The mechanism of stregs Telaxation at the grain boundaries in pure , o
} metals is known to be affected by the presence of alloying elements, but Precisely |
! how is still unclear, The study of interna}l friction, based on Beasurement of "
i the forced oscillation dampening of polycrystalline specimen {s a sensitive
) Dethod for investigation of the structural conditions of a meta] 8enerally, and B R
| particularly.-ac the. grain boundaries. .The Present authors experimented with N B
i lpeet'-/esn_ of 99,98 pure sintered molybdenun; a Mo --2p alloy contaiaiag 0,13% e, | "

Car [
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_{ 0.008% c,3=:6.f00§1' 02,.and 0.0007% Iz;. and Mo+ 30% Re. The -.pce(—uxnn subjected| -
‘to torsional oecillations (0.3-0.4 cycles/sec.) at vartous temperatures in & ringe!

'} of about 20 « 000C, after annesling at temperatures up to 2000C. The test - SR
installation wvas originally developed by V. B, Osvenskiy and {g showa schematfcally ' :
in modified form, tn Fig. 1 of the Eaclosure.

The activation enexgy N of ‘{nterusl|
friction. was. deternined from the expression - » ) R BT

Lo H
log 0" = 1og 57 - 0.445 gy S
. -ve 3 S
-| under the assumption that 3-‘—"- =const. ‘‘Fig. 2 of the Enclosure shows the
temperature dependence of Q-1 for %fe 3 materials compared. The results showed
that the boundary relaxation begins to grow at different temperatures in differeat|
alloys. ' Thus, this temperature is 700C for the Mo-Re alloy and about 600C for purT
molybdenum or Mo +0,.13% Zr. Beginning at 700C, the highest level of
friction 1is shown by unalloyed wolybdenum; the 1
" | chenlum, If the {nternal ¢ '
=3 on.the activation energy,

4 ..
.

N
b

_2"
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Is connected with a
nitrogen. This migration requires less energy than the djs
fusional ly more-inert atoms normally 9ccupying the nodal po
+This could explain the relatively low activation energy of

.Pure molybdenum.. A mechani sm of boundary relaxaton
migration of in

|

. } Components can be explained by the mutual these Ccomponents: and
i
/

=3

the migrating atoms of Penetrating components, as well as the ability of the re- R
Placement components to aiter the structural Imperfections in lntergranular,zones_." i
| "The authors express thanks to Ye.. N. Savitskiy and M. A, Ty*lkina for supplylng | -
the Mo-Re alloy." Orig. art. has:, S figures and & formulas, Lo ,

|

| ASSOCIATION: None . S | Lo S
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ot
‘Card R 1/4 .

TITLE: Investigation of the ébx'{dit‘i_c;ns of the grain boundaries during recry_stgnriga'u_on‘:of S
‘iron and its alloys. .~ - S P o 7 R

SOURCE:. Protsessy* di_ff\'xzii; gtruktura i svoystva mettallov (Diffusion processes,
structure and properties .of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye,
1964, 7T4-84 ot R

TOPIC TAGS -iryon,v fitoh alloy, bteél,".ﬁxﬁgéten"steél, carbon steel, _stéel ‘structure, -
grain boundary, recrystallization, {ron microstructure, carbon diffusion, tungsten
diffusion, tin diffusion, -nickel diffusion - o - B

* ABSTRACT: There are still 1 clea‘r,aspect's of the mechaunism of recrystallization, - B
such as the nature of the ‘reconstruction of grain boundaries, the formation of new grains _; -
and their subsequent growth, "the influence of impurities, and the role of diffusion. The , -
present authors investigated recrystallization of iron in specimens previoasly ‘subjected to |
a plastic deformation of 10-16 and 45-70%, involving a variety of heat treatments’ (anneal=: ;"

+ ing at 720-800C, recrystallization at 700~1370C, additional heating at 700-950C). Data -

i on microhardness before and after these processes are tabulated. Furthermore, TECTY= ¢
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showed that atoms of soluble impurities (nickel, tungsten, tin), like the atoms of the base-
metal, practically remain at their initial locations despite significant changes in the micro-
Structure of the metal, Prolonged annealing at recrystallization temperature (78 hrs, at
700C for iron with nickel; 30 hrs. for iron with tin; 28 hrs. at 750 C for iron with tungsten),
heating at temperatures above the Ag-point, or high~lemperature annealing (30 min, at

1200 C for iron with tungsten) did not cause.atomic migration of impurities from the initial

~ locations toward the boundaries of the recrystallized grains, regardless of the degree of

prior deformation, During recrystallization, atoms of impurities which were located at the A

- grain boundaries and formed part of the solid solution by penetration showed a substantially -

. different behavior than atoms of base-metal at the boundaries or atoms of impurities form=-
ing part of the solid solution by replacement, Carbon atoms, unlike atoms of iron, tungsten, j

- nickel, and tin, follow behind the boundaries of newly forming grains, so that at certain .
stages of the process a lag may occur due to a difference between the di ffusion velocity of - i~
carbon and the recrystallization velocity. It is characteristic that carbon atoms always .
migrate toward the grain boundaries, and not in the direction of the maximum concentration
gradient of the impurity. The authors suggest, in conclusion, that the activation energy of .
the migration process be determined and compared with the activation energy of the dif- - [

fusion process of carbon in iron, Orig, art, has: 25 photomicrographs and 3 tables, .
!ASSOCIATION: None - S

Gird T 3/4
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| | ACCESSION NR: AT4040413 §/0000/64/000/000/0099/0109 - .

| ; AUTHOR: Bokshteyn, §. Z; Kishkin, 8, T, Moroz, L. M.; Chaply*gina, V. §.
B TITLE: Structure imperfections of metal following reorystallization

SOURCE: Protsessy* diffuzii . struktura i
structure and properties of metals); shornik statey.
'1964, 99-109 o ,

. TOPIC TAGS: metal structure, metal diffusion,
-1 erystallization, iron, tin, tungsten,

i crystallization, thus inoreasing the plasticity of the

! "assumption can be made that in regi

| B— -

Card "1/3°

svoystva metallov (Diffusion | processes,

_ i
. ' ” !
diffusion-permeability, metal re- RN
carbon diffusion _ N
e
i
t

|

H * = B

l' ABSTRACT: Many of the properties and processes occurring in metals depend upon the ! '}
i degree of structural perfection. However, it is not clear L

! stances structural defects arise or disappear.. In some cases, it has been possibleto %
{" achieve a displacement of interstitial impurities into the inner.regions of grains by re- , |. %"’
§

i
}

! Influence of recrystallization has been observed only
k ] | regions where grain boundaries have been located before : i
irecryatal;i_zatiop'. preservation of the specific state is possible, i.e., thereis a possibility -,

;
'
i
1
A
i
i
¥
¥

Moscow, Izd-vo Maahinostroyeniye, o

+

how and under what circum-- "

alloys. However, such a beneficial “
in individual cases. Therefore, the ;-

Bs
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. . A -
_-of "heredity", In the p'resentlpaper, the authors investigated the heredity of metal stmc-f .
i © i ture during recrystallization and grain growth, using autoradiographic and microscopic . !"
i i1 techniques, The degree of structural perfection was evaluated by diffusion permeability
4 of C14, a higher permeability corresponding to a more defective structure, Using, S
% specimens of pure iron and of iron containing diffusionally introduced interstitial additions,!
| such as tin and tungsten, the authors studied the stability and degree of defectiveness of P
the original grain boundaries during recrystallization in relation to the degree of metal
i | purity and the recrystallization conditions. Iron was annealed at 1250C for 9 hrs.,
electropolished and etched with 4% picric acid in ethanol to reveal the structure. Tin Dot
and tungsten were added in a microfurnace at 700C. Recrystallization was then carried N
out either at 650C for 46 min., at 700C for 30 min. or at 750C for 1 hr., followed by o
heating at 600C for 1 hr. in the presence of radioactive carbon. Measurements of hardness =
i | and Cl4 distribution demonstrated that diffusion is affected by recrystallization temperature -
t| and that the residual effects of Pprevious cold working can remain after application of the ; l
i { common types of recrystallization. The diffusional mobility of atoms was found to in- i
{'| crease during the process.of recrystallization, Failure of alloys at high temperatures”
generally proceeds along the grain boundaries, but sometimes it occurs transgranularly, ;

'\ 1t is possible that, in the latter case, the alloy fails along the boundaries of original | !

ey -y

v

i
i
1
i

-

v

- ! - B
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i1 grains which were metallographically undetectable, :
11, various impurities on the defectiveness of the original grain boundaries thus gains con~ * -1’
'1; siderable significance. It is very possible that inheritance of defectiveness is linked to a-
considerable degree to the presence of impurities; therefore, the question arises of the

AT
I

The question of the influence of

possibility of displacing the impurities from the boundaries to the inner regionby re- . -
crystallization, The results of the present investigation permit the authors to assume that

the detrimental influence of impurities can be reduced by applying suitable recrystallization:
conditions. Orig. art. has; 7 figures and 1table, . L S SRR B
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AUTHOR: Blistanov, A, A.; Bokshteyn, $.2,; Gudkova.’ T.1.; Kishkin, S.7T.; Zhukhovitskiy;:ﬁ}rf%

TITLE: Pore formation and rupture at high temperatures in relation to stress and metal
structure - - ' :

'SOURCE': Protsessy* diffuzii, struktura i Svoystva metallov (Diffusion processeé, structure
. and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye, 1564, 133-146

3 .

.,'TOPIC TAGS:. alpha brass, nichroﬁie,‘ nickel based alloj, alloy'_\.?ore formation, volatile ' : iy
constituent diffusion, grain boundary effect, stress effect, metal Structure effect, high tem- -
‘perature failure, metal failure analysis .

the metal at high teinperatures. ‘Sheet samples of alpha brass (32% Zn and 68% Cu; annealed
50 hrs, at 800C and 0.01 mm Hg) and a Nichrome alloy (20% Cr, '80% Ni; prehomogenized . A

_2"
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- |AUTHOR: Bokshteyn, 5.2.; Gudkova, T.L ; Zhukhovitakiy, A.A.; Kishdn, 8.T. © - - |-
13

TITLE: Effect of preliminary deformation on pore formation

- {SOURCE: Protséssy* diffuzii, struktura i svoystva metallov (Diffusion processes, structure -
and properties of metals); sbornik statey, Moscow, Izd-va Mashinostroyeniye, 1964, ‘_117-15:1, :

.| TOPIC TAGS: alpha brass, pore formation, preliminary deformation effect, high teﬁ:pefmfo

:

. |effect, metal evaporation, alloy failure R

' ABSTRACT: Cylindrical samples (h ='m mm) of alpha brass (38% Zn, 629% Cu) were an-
nealed for 3 hrs. at 800C in an argon atmosphere, then pressed at room temperatqre to .
deformation levels of 3-5%, 16-20% and 55-60%. The effect of preliminary deformation on, i

I

evaporation was evaluated from changes in sample weight during subsequent vacuum homoge=
- || nizing (4 hrs. at 700, 800 or 850C). It was found that preliminary plastioc deformation in- i
- fi creased the rate of evaporation, as well as the number and size of pores forming at high " . |

‘ji temperatures, The effecg Wwas most pronounced at deformation levels of 10% or less and . !;
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8. Tej Svetl_ov, I L.
N hnd Co whiskers

y* dﬂfuzﬂ;: ,dtt;uk'ﬁif;ll' vsirbyét'va metallov (Diffusion proc@aaeé-,: sttucturo RE
' Mashinostroyeniye, 1964, 166-167 . %

- | AUTHOR: Bokshteyn, 8. Ze! Kishkisi,
| miTuE: A study of the mechanleal propertios of Cu,

'SOURCE: Protsess
and properties _pf.metals); gbornik statey. - Moscow, Izd-vo
TOPIC TAGS; co;i;r)efvv'hieke'r"rcrybt#'l,:nidkel_ :whiskér crystal,‘l.cobalf whigker crystal,’ e

tural defect, whisker alloying effect, whisker diam ter-:

whisker tengile strength, whisker struc
effect, whisker microcrya’tam_ne dislocation, selective etching procedure \

ABSTRACT: Whiskers of Cu, Ni and Co (length = 1. 6-3 mm, diameter = 2-164), grown by
hydrogen reduction of anhydrous haloid salts, were tested for tensile strength in relation to |
crystal diameter and orientation of its long axis, as well as for variation in strength length‘Yl
and the effect of alloying (diffusive saturation of Cu with Ap) on mechanical properties. - .
talline dislocations in the Cu. The results

Selective etching was used to expose microorys v
tial divergence in relation to diameter, especially for very small diameter

of 2-3p. ‘Empirical :el_aﬂonahlps‘were derived betwaen flimeter and tensile atrepsﬂ;.
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Kabanov, Yu. N.; Rishkin, S. T,; Mirskiy, L. M,
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i
i * AUTHOR: Bokshteyn, S. Z.;fGIazunov, S. G.;‘Yempl'yanova,wT.,A,{x,
|

! TITLE: Thermomechantcal treatment of titanium alloys with B-structure. .

SOURCE: Protsessy* diffuiii, struktura { svoystva metallov (lefuatoﬁi,
processes, structure, and properties of metals); sbornik statey,
‘Moscow, Izd-vo Mashinostroyeniye, 1964, 177-182 i

‘

TOPIC TAGS: titanium alloy, beta gstructure, mechanical property, thermo=

mechanical treatment, thermomechanical treatment effect o

ABSTRACT: The effect of thermomechanical treatment on the mechanical
;:properties of g~titanium alloys VT1S (3.76% Al, 7.80 Mo, 10.7% Cr) and "
: V=120 (US alloy, 3.1% Al, 11.6% Cr, 12.6% V) were investigated, Ak~ i
. loy specimens were held at 760C for 30 minutes, then rolled with a |
?;reduction of either 10 or 45% and immediately quenched (high tempera=.-

i ture thermomechanical treatment, HTTMT) or they were cooled at 350¢, i
’gheld for 2-—3 minutes, rolled with a reduction of 10 or 40%,and o

Ty 2,

o

e
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1
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! rupture tests [apparedtly at 400C] under a stress of 100 kg/mm? ¢ the!j "
;i VI15 alloy had a rupture life of 13.5—15.0 hr, elongation of g;'--
§ 17,2—19,0%, and a reduction of area of 49.0~51.5% after KTTMT.V: S
-1 The V=120 alley similarly treated had a ruptura Iife of 97-—100 hre ff'
,Orig. art. has: 5 fiburel and 4 :ables. ' , _ , RS
| ASSOCTATION: nome - . .. - i ,;'u W /“' -,,;:§§~t
fsunuxwrzn- O9Dec63 , fi,gjgs4xpspnzss=',3049fl”n' : ENCL:.‘OIT-Alf'!”‘
»sux CODE: MM /' NO REF SOVi 000  OTKER; 001 .
. , . |
!
|
l
|
l

3

. ‘ -
e

i o s,.
iimmediately quenched. In’ boch cases, quenching was followed by aging'{l’f
‘at 450C for 25 or 50 hr, The machanical properties of differently -
'-’crear.ed alloys are shown .in Tablel 6f the Enclosure, In s:ress
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AUTHOR: Boksh:eyﬁ. S.’Z.;Fﬁiﬁhkig£&§:>j.; Moroz, L. M.

TITLE: Effect of therndmechanicai treatment on diffusion -obtlity:'J
t

é - SOURCE: Protsessy® dtiéuzti; struktura i svoystva metallov. ,
# | (Diffusion processes, structure and properties of metals); sboraik
statey. Moscow, lzd=vo Mashinostroyeniye, 1964, 183-187 SR

"QOPIC TAGS: thermomicﬁdnlcal treatment, diffusion mobpility, o !
{ffusion coefficlent, fine structure, diffusion mobility determina=::
tion, thermomechanical treatment effect , ST

&t . . .
ABSTRACT: The diffusion mobility of irom in austenitic steel EI&S8L
g and EI437B alloy were {nvestigated after conventional heat treltqtn§j
; and after thermomechanical treatment (TMT). The parameters of che &l
;. jatter treatment were? 1080C = temperature of deformation; 282 é"‘%.;;j
[ reduction;. and 13.5 w/min = deformation rate,  The diffusion nobtliti,ﬁt
L was determined by the method of tagged atoms ino combination with -~}

! microstructure analysis. The specimens vere electrolytically coated }

| Card 1/3
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with a thin film of
furnace at 800C for 150 hr.
ficlents were calculated for grain
Table 1 (see enclosure presents the regults
changes not only the conditions of the grain
grain bodies as well, , The increase of ¢
served even after annealing at higher
of recryatallizatton). The increase ©
by TMT limits the applicability of this met
alloys. TMT could be bene

gficial, however,
relatively loV’tenpot;;uxc. Orig. art. hast

'

ASSOCIATION: none.

radioactive Fe3? and annea
After annealing,
volupe and gra

{ffusion mobility is pre-
temperatures (temperatur
f diffusion mobility pro
hod for heat-resistant .
for alloy working at

137

U

-

led in a vacuum . =
the d;ffuplon’coef- <
1&.bou§dariei. -
obtained.. ‘Thus, TMT
boundqries,but,of the

‘ .
duced

4 figures and 2 :abl--.};
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Tablell.' Iron diffusionvcbéfficients 'E
.D*10 cm /sec on grain boundaries Dgr '
- and in grain bodies Db of alloys EI437B
and EI481 at 8ooc o -
: IR B -’-*“‘f: B T .
T - “E - | Conventional i
S S ~ |heat treatment}  TMT ) 3
I Alloy | Dgr Db Dgr Db | ! N
ch . [ Ex4s1 [ 0,62 | 4.6 [ 2.8 [ — | |
B _,:;’ EI14378B } 0.87 3.5 1.7 11 | i,
i | Average diffusion coefficient :
i | B4y | 1.4 | 3.0
"..f |E1437B | 1.0 ) 1.3 .

Hracye i :
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. AUTHOR:  Drozdovskiy, B. Auj Pevzner, L. M.; Tarantova, As §¢j = .
, Fridman, Ya. B.; Kishkin, S. T, o

TITLE: Effect of carbon content on the tensile strength qf scructuti}~
steel sheets : .; ‘>;;

’ . . s
SQURCE: Metallovedeniye i termicheskaya obrabotka metallov, i
n?. 5, 1964, 21-28

TOPIC TAGS: high strength steel, superstrength steel, medium'alloy;feﬁ
steel, VKS-1 stéel, solid fuel rocket, rocket case, rocket case e
material, steel notch sensitivity

ABSTRACT: The effects of carbon content, melting conditions, and heat -
treatment conditions (primarily tempering temperature) on the strength. -
and ductility (in conventional tensile tests and under biaxial ten=- o
- sion), and notch sensitivity of two superstrength steels VKS=1 and’'

; [AIS1]4137=Co are investigated. Four grades of VKS-1 (0,30, 0.39, .
. 0.45, or 0.53% carbon; 0.89% manganese; 1.2% slilicon; 1,87% chromi~-
' ’:Cumd; ‘1)7222 nickel; 0.49% molybdenum; (,052 vanadium; 001X sulfur;: end 0,008%

AR . | J - . . ) . PR . . L I

A s Svrs iy v, W i i omt

SONURR R v —— - B T erye
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phosphorus) were melted in an open atmosphere induction furnace.
The 4137-Co (0.407% carbon, 0,84% manganese, 1.027 s{licon, 1.32% ° L
+ chromium, 0.36% molybdenum, 0,19% vanadium, and 1,1%Z cobalt) was. K3
melted either in an open atmosphere induction furnace or in a con~ i
‘| sumable electrode vacuum gyc furnace. DBoth steels were rolled into
‘I.sheets 1um (VKS-1) or 15 mm (4137-Co) thick, Special care was o
taken to prevent surface decarburization. Tests revealed that ‘
tensile and yield strength of VKS-1 steel increased steadily with
increased carbon content up to 0.45%. Steel with 0,45% . carhon tenpered
c.of a2t 150C has a tensile strength of 240—245 kg/mm? hut low ductility
-y and a high notch sensitivity, When tempered at 220C the steel had |
{ & tensile strength of 220~230 kg/mm2, yield strength of 180 kgkum2, and : -
elongation 6.5%, Further increcase of carbon content brings about -: 7
premature brittle faflures. Elongation remains almost unaffected g:?ﬂ
by increase of carbon content from 0,30 to 0.45% but notch sensitivity
increases very sharply, Under conditions of bilaxial tension the .7
 strength of VKS-1 increased with higher carbon content only up to
0.39%. With 0,30=0,39% aarbon the fragture {s ductile and the RPRUR
strength 1s higher than that in uniaxial tansion. - As the carbon '

content 15 increased to 0,45% the fracture becomes brittle, thae o
Card 2/4 ' L B C ‘ v
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f»sqrengtﬁ dfépsléndinoés»beiow the level noted in uniaxial tenaiph;,fifi

e

Card -3/ 4

'ig» . S 'y

.
I

Generally, the maxima on  the strength-carbon content or'sttengtﬁ!
tempering temperature curves for biax{al tension do not coincide with those ..

E “for uniaxial tension but occur at carbon contents and tempering SRR
© .l temperature at which the strength in uniaxial tension amounts to about:
01200 kg/mm2, The behavior of 4137-Co steel followed a similar patterans’

It was found, however, that vacuum arc melting improved ductilicy, b
especially in biaxial tension, and lowered notch sensitivity. .Neo Rt
. : , g%

i at higher uniaxial_streng;h. .This can be achieved by complex alloy-‘iiﬂ
- i1ing with a minimum segregation of components; improved metallurgical

It

procesces ensuring highe:ipuri:yxof'metalg control of solid{ficacion: s
processes. to prevent microsegregation ‘and improve»:he'atrength of S
interdendritiec boundaries; and finally by  thermomechanical traatment ;. -
with a max{mum 3ra£n-r¢f1nement.'j, U - F R P SO

iy
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'SOURCE Mas;cow,.‘Avf._g:tgvinnityﬁyi’--iﬁéE?.’t‘u‘.c. “Teudy®, no, 158, 1964, : R
Issledovanl.y'a struktury® { 's'vuyst:v-zhgtoprochny*kh splavov (Studies -

fon the structure and propertfes of heat-resfstant alloys), Lé-19
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4 TOPIC TAGSxaiheaﬁff' Ltatant a1 Mmickel bage alloy,iEI&37 altoy,
aickel alley overh ' overheated

complex ailoy prop

rupture life

| ABSTRACT s Th’e""elfbfe‘q;;‘f‘ _E—"f-’ih’di'é”*averheattags on the 84:437{’ lheat-regfg= -
tant nickel=besa &llgs ff{montc 80} has beon studfed: It was found
that overheating of & heet-treated (anee glloy to tem-
i P€raturag Bp _to 800C has no effect on ha but at 900—-1300¢ the

20008-2"
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. |of particles of tha str
“lrupture tagts at 700c
exposed to 800, 900, had a rupture 1ife of
40, 24, and 16 hr, respectfvely, compared to 109 he for epecimens
which werfe nat overheated, . Ductilicy of overhkeated gpecfmens wag
greatly tncreased, ' er overheating to 300C sho

rupture li{fe of the alloy, although f¢g hardeess remafn

the contrary, overheating of the strain- i
rupture lffe. The effact '
nonaging afcket allogs cac be aininfzed by the addition of chromium, |
@lybdenun, ahd tungetdn which -subetan&lilly.aereﬁgcneu 8olid solutfon,
especially f{a the presence of phases which streugthen the 2lloy durfng —
@2glag. fThe $r4ngth of che 81427 glloy ¢o which cohalthu g
and tungstanvhiave been added begine to decresse &t higher temperatures
ithen that of the same glloy without these elameats. A complex heat- |

CoEmRE
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 while in contact with sodium .

g - LT a“‘

I SOURCE:s Moscow, Aviatsionny*y ingticue,
gIssledavaniya‘struktury*‘£wsvoystV'zharopro
ion the structure and properties of heatwreas

Trudy#,

_no. 158, 1964,
chny*kh

splavov (Studies

: 9f EI4 - B1617 nicke
: : 2 ickel:

det w d ated in an attempt to datere
:mine the mechantam o =€ ' ffect sodium has on these
jalloys, tests at 1000c ¢n afr, alloy .
, specimens
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stresges and rdep rat Yrand ‘specimens withstood greatar

| 1loads, and for' a longe 'y n te It was found
Some

On the

‘ e surface:-layers:of the .alloys or formatfon of ar _
:o:.nttridee'lnfbhesd~lh§et¢}%ﬁthéietiéngchening effect, howvever, {s
observed at rather short rupture lives on the order of 200 hr, In
longer tests, lasting for 500 ke, the strengthentng effect is asngf=
hilated by corrosfo whigb_t;‘eapeqially tatensive in sodium coxtafge - = |-
ing some impurities,.|{ The corrosfon is primarily fatergragular and P
iin 500 hr penmatrates.to a depth of 0,03—0,08 mm, depending on the
: ity of sodium, Orig, arec, hgai__iﬂfiggg&s;;q¢;£ftabtg;p
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of technicsl sciences) :
TITLE: Radiographic study of oxidation and recrystalliz

| iface zomes of nickei-base heat-resistant alloys

1

!I.SOURCE: Hoscow, Aviatsiomny y im
‘struktury L svoystv zharoprochoy
heat-resistant alloys) 35<42.

alioy;: nickel allo _vxidationz;nick

o nte L
S

ation processes {n the sur=]

gtitut. Trudy , no. 158, 1964, Issledovaniya
kh splavov (Studies on the structure and proper= (X

1
g
B
]

ABSTBACT: The purpose of was to determine the stability of tf
gurface layers of pgas-tur giyfade from cast alloy, slloy EI437B © "Iﬁl?ﬂ
with respect to ofYGATION ~gng Tecty -gllization in the {furnace atmosgheqé Speci+ .= 1.
mens were heated in a muffle tyrnace at 650-950C for periods up to 150 hourse .
The appearance of the first points on the fromt line was taken as the beginning of
oxidation, Resulting data were used to plot curvea of stabiiity against oxidatiom

i
!
!
co i
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| and recrystallizatios, Giitch® showed that -the -start of oxidation and recrystalliza

| ¢1on coincides for each alloy;: these: proceasas start later at lower temperatures.

' Cast alloy was the most ‘stable. At fitgher temperatures, the differences in stabi

ity of the different alloys become insignificant. Curves are also preseuted show- .
ing the onset. of oxidation.as.s fuaction of annealing time and, using these, the

energies of acti\ié?ﬁidﬁf !‘:ﬁ""’téé}:’féﬁélﬁéétidﬁ'“p"x:déess were caleulated from the. |

formula Ty = CTrogs where H is the time of omset of reerystallization; T ie

the aﬁnealihg:ﬁéﬁﬁéfhtﬁfé?fﬁ%?té?ﬁ?ﬁﬁgﬁtaqﬁ§¢Qeffiegeng;,R is the gas comstant;

and Qy is the energy af‘activation'.'t{“?dr ‘alloy EI4375 this was 56,000 cal/gm-atom.

The authors coaclude that osidation and recrystallization take place simultanecus-

t:are bothTimited Eto: ; The alloying elements

spparently migrate fnto the ozfde Iyer t
parameters approaching those of pure nickel,

. to x-ray technician S.P Kulagin.” Orig. art. has:

| formula. T :

ASSOCTATION: Moskovskiy aviatefonnyy institut (Moscow aeronsutical fmstitute)

00 - ENCL: 00 SUB CODE: MM

, SUBRMITIED:
FO REF SOV: @05 . 000
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AUTHORS ¢ Bokshteyn, S. Z. 5 Kishkin’, Se Ts3 Nazarova, M. Po} Svetlov, I. L.;
Umantsev, E. I-. o AL . , CEL ey

,TITLE: crowth of aapphtrc whisker _

‘souncEz Fizika tverdogo tola, v. 6 no. 5, 1961;, 1261-1266

TOPIG 'I‘AGS: whisker crysta‘l., crystal growth, sapphire, sapphire whisker

: 'ABSTRAGT. Whisker cryatals of A1203 were grown by ha.gh-temperature oacidation of

1 powdered metallic Al in an atmosphere of moist hydrogen. - The reaction temperature o
was 1350—1400C. The authors describe'a special apparatus used for growing these 4o
i.arystads, i cansists of three essential parts: a tubular furnace, 8 hydrogan .
| 1 source, and a system for purification and eontrol of hydrogen feed .  The whisker:

! crystals ranged from1l to 30 .4 . in diameter and from 3 to 15 m in length. .

i i Hicrocrystals ranged from 30 to 350 w in diameter, - and 0.5 to3mmin U o
- !‘ length, Gapillaries Were obaerved along the growth axes of some . crystala; '
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AUTHOR: Bokshteyn, S, Z.; Bronfin, M. B.; Kishkin, 5, T.; Marichev, V. &,

TITLE: Study of the diffusfon of magnesium in alumfnum by meens of evaporation
in a vacuum 1% ; n o

SOURCE: Metallovedentye f.-*t:emf_.cheskayev obrabotka metallov, no, 4, .1965_,,,35,-3_8=-lf

TOPIC TAGS: mgnesiumdiffusicn,aluminum alloy, vacuum evaporation, magnesfim |
containing alloy e »

‘evaporat n-open ace;  Sa ~Mg alloy AMg6 ‘2ontaingng
6.35% Mg were uaged yers of the sample becoge
depleted of Mg,

tion of magnest

Tuminm wag- gtudied a¢” 27"{

The
and kinetfc curveg: .
itions were plotted for several |
8 of diffusion of magnesium fn |

h__._‘ﬁ_..‘_...-,_._,....;.._._—‘.h_....w. ———— e
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aluminum were calculated fo 275,300, 350, 5‘5'&00}?;366*4256533'??;35@&
| the diffusion coefficfent fe fadep nt of the Mg conceatrationm, which is:
| {_at the surface of the gample fn the course of the isothermal process. The
| \Vactivation emergy of the diffusfon of Mg {n Al was obtained graphically, and i
Found to be 28.50 kcal/geat. Orig. art. has: 2 figureas, 1 table, and 2 formulas

ASSOCIATION: Kone

SURMITTED: 0O : ENCL: 00 SUB CODE: M4, §S

§O REF SOV: 001 | . orEER: 003
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T. (Moscow)
15 Cherky

ical treatien "{fdf'fhéqt'-resistaatjmartensitic steel 4 |
+ . Izvestiys,- if,e ally, no.: 5, 196, 348 T

TOPIC TAGS: - gtee1, heat resistant gte y merbonilie el ke, At treatment
Plathic dafonimafian, i leraits e - (/BI96L steey - T Treatment

P v (e

|.s0URCE: AN sssp

A
LY G S "::'.'f"::.'-"7':_-'4':_.-._':.'1;‘ I S S G SR ;:,
ABSTRACT ; HeateresistanthI96l‘qteel;(o,lh%=qa§bon, 10.8%,chromium,j1;751 nickel, -
-1.65% "t}ung’ste’n‘,?'-an_'d ', O_;26%_*~jva_tz'adiu1|i:):;v'h'as'?b'e'en ‘tested for the effect of therﬁqmé_chanigal i
treatment (T™D) . . Three variants of mMp were used: 1) high-temperatuyre thermomechang.| -
cal treatment (HTMr) . Plastic. deformation gt 900~ c
low-temperatire therp anical treat,

, 1050C followed by ‘cooling; 2)
_ chanical - reatment (LTMT) 16 z at 100¢, cooling -
to 600c, Plastic:derg 1, &nd o :

: 2nd low-temperature ~|
m 1o 2050C, ‘cooling, tempering at .580C ror
JOC, and cooling,. »Preliminary experiments showeq that - | -
4 mum iy for HIM? or LTMT are 20—30% and for HLTMT, . 508 at 1050C ang: T—10%) ..
| 8t 600C. A1 thyee variants of M.'édnsiderably improved Strength and heat resistance| -

without g significant. decreage in ductility, The room-temperatyre tensile and y
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- [TACC NR: AP5026362 R :

jstrengths of eteel subJected to HTMJ! L’I'MT, a.nd HL’I'MT increa.sed to 117 and 106 kg/mm2
132 and 11h kg/mn?, and 133 and 118 kg/mm reapectively (compared to 108 and. ~ - -

92 kg/mm2 for: conventionally treated steel) Corresponding figures for- rupture life | 'S
at- 500C under & stress of 58 kg/mm vere 270, 206, and 22hr (compared to 149 hr for | =

: conventionally treated steel) > The: strengthening effect of HTMI' was not annihilated | -
"1 by aging for 100 hr at’ tempera.tures up to 550C; that of LTMT was annihilated for the -]
‘-most part by aging at 5000 (see Fig. l). When a.pplied under optimum conditions to ac-v

,’Tensile SR
ength\<~
"‘z . .:. .

e ..—.:»-.o—-..-l

105

Aging tempe*a.turing

050 505 550 t’c"»'-ﬁ

Fig. 1.3 Effect, of' 100-hr ag:lng at various temperatures on the
tensile. and yield strengths ‘of ‘EI961 ‘steel subjected to HTMT (1)
LTMT (2) numr (3)'~and conventiona.l treatment (h) e
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-ACC NR:

AP5026362 KR
tual parts with the plaatic defomation done by

| the 100-hr rupture strength at 500C to 62 and 63

tionally treeted steel) and ‘the fatigue: strength’
operating at temperatures up to- -550C and- HLTMI‘,

up to 500C. -LTMT:is not recommended for ‘parts o
Orig. a.rt has' 2 ﬁgures .and- 3 tables. L

11 .70/ SUBM DATE'

| suB cope:

35 kg/rmn2 for’ conventionally treated steel) resp

‘o6uay65/ onm m:p, ooa/ ATD pm:ss 4/ é% iy

die forging, H'.I'MT ami HLTM'I’ increased
kg/mm? (from 57 kg/mm for- convenr -
at 500C, to 46 and 53 kg/mm? (from | -
ectively. HTMT can be used for. parts
for parts operating at temperaturea

perating at- elevated temperaturesi. ]
. : DV
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A c°2~6° E‘*‘*’M‘-'!P(t)/ﬁwvm.’sm»\/x;m;:, gEeieYy -.m i
| -ACC NRs P5026361 G e bOURCE CODB UR/O370/65/000/005/0139/01142 :

B B .1/1; f..) 5 _‘ g
‘_,~_%Aumon-» oksh :
Tavadze, F. N. (Moscow),'-

7SS

‘"_ ORG' non

_’:TITLB- Diffus:.vity and hes L _res of titamum alloys after
mechanical working T R Y ss -,,7 : ‘

T sssa. xzmciya, Matall '-,A‘no. s, ';sss 139-1»2

, A‘lloy solid ‘mechani. cal 1P eta
~:p:etal heat treatment, motal ming, .{ al

’l‘he effect of standard themal ‘and” -

_ rbon - diffusivity in alloys and allocy ‘gtrength was inmstﬁ? :

gtandard thermal: treatment consisted of heating to 870°C,. followed by soaking at-

- 870°C for 1 hour, cooling ‘to 650°C and soaking at 650°C for one hour ‘and” air’ eooling :

‘| to room temperature.. 'l'hemauechanical working consisted of ‘deformation of 30-% 30 % |

.| x 65 mm alloy ‘samples at .870°C. (60% . ‘deformation per hummer. strike) and instantaneous-, :

.quenching in water, This was_ fonoved by. ‘aging for 5 hours at 550°C.. - For Lk

‘long lasting: mechanical’ strength ‘tests, themau.y and thcmoalechanically

. samples wers “reduced to 5 ma in. dlameter. Carbon diffusivity tests were m
710 :% 10 x. 20,— alloy ulplu - Orig. ert. has: 2 figures. :
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filamentary crystals of copper on the form of the deformation diagram in unia.xial
'tensmn S

_:SOURCE. Fizika tverdogo ela v._i8 no. 3, 1966, 688-695 :
.,.‘TOPIC TAGS copper, ﬁbe__ stal, stress ana.lysis, plastic deforma’cion singl

crystal

- ABSTRACT: In view of the fact ‘tha.t 0. previous tension strain diagrams ‘of fila~
| mentary crystals have 'be made inhe past, the authors measured the. tension
.} strain diagrams of coppert iskers‘wbose growth direction coincided with-the

‘i angles of the standard stereographic. triangle.. ‘The peculiarities’ of the" -stress-

..~ | strain curves of thick whiskers, samples with a silver-surface film, and alloyed '
~whiskers were also investigated. : The experimental procedure and the technique of.
.| obtaining the strain: diagrams was described in detail by the authors:earlier: _(F'l'l' .
i Ve T, 3348,°1965). = The dependence of each parameter of the disgram (elastic limit,
‘ plastic-flow stress, ultimte"atrength, ha.rdened coefficients in the nnear ‘atage,
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that thin whiskers always display a. sha.rp elastic limit, whose magnitude is 50---300,;
"+times higher than the critical: cleavage stress. An increase in the density of the '
‘| structural defects, such as’ results from alloying, reduces the elastic limit. - Ano-
~ ther distinguiahing feature;of_the stress-strain curves of whiskers 18 ‘that_even

theoreticalz

,'during the three different atagea of the streas-strain variation for whi kers

1 (elastic, easy slip, and hardening stages) .. Orig. e.rt. has.

B }:,:;: ooh/
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© L 33718266 TWT m"'”'-“ WR(%)~ “LIP(q) DB ____ =
: ‘ ACC NR: np6013374 ,'_sounce coma- UR/0370/66/000/002/0177[0187
E,gAwmow i ;,;& B ‘: : vf"]“

e 501«;- none.

:ﬂsouacx- AN sssn Izvestiya. m:'ly.'

c anduexperimental atu fes aveibeen mads of the s blimati

"_‘;breakdovm ‘in. the presence ‘of “an oxidizegiz“face layer of

8 _VM65-1 magnesium-base alloy. (5--6% Zn,. o 3—0.9% 2r)- and ﬁiﬁl
ratu

-%(2 52 Mg and- 62 ‘Z0) ‘in &, vacuum-of. 10”8 torr at a tempe of 200—3800. o { 3
:was found that~ mgggesium 1loy um&xasutface oxide. film sublimated slowly at 200 ot

 250C for the first 12—15 hr; then. the sublimation rate increased sharply.’ -Spect

“mens which were vacuum annealed - at 300C for ‘4 hr prior to testing sublimated at

“high rate: from:the very. beg:lnning ‘of the test (see Fig. 1). The weight of surfac

* oxidized V95 alloy specimens -does mot change at 300C for ‘4 hr. However, at 350C
rapid sublimation begins after 10—15 min.  Annealing at 340C removes the oxide -

3 f:llm. eliminatea the 1nocu1ation period, and induces rapid sublimation (aa in_the

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722820008-2"
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2 ?1g. 1. Sublimation curves of VHGS
falloy in vacuum I T

31A- 2000"2 - ZSOC' 3 - 2000 '
4= 250C (3 and 4 after: annealing
“at. 30007 for 6 hr).

- case of;‘_&é .alloy) 2 yery. eginning of the test. , ‘l’he experimental values of the
i sublimation rate agree well with values- obtained from kinetic equations ‘for the
e sublimationprocesei of ‘tested-alloys.: Otig. art. has: 7 figures md 26 fomulas:

[AZ]
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” - e (ke )2/T/EWP(t)/ETL/ENFART  *77 777 ‘
' 1)/EWT(m)/EEC(X)=-2/
E 1 29800-66  EWT(L)/EY )/ e (R Ja000/65/000/000/0022 Joazs :
£ACC NRi AT6016344 o st |
: : ' s A 1 X B B
{ AUTHORS: Bokshteyn, 8. Z.; Bokshteym, B, S.} Zhukhovite}ci R __.._;_:_.:‘ . 53 ;
* Nechayov, fu. S. R 7 i b,
: : no , . ttice of . |-
; laxation moeglod for.the study of point defects in the'crystal ia —T
© PITLE:  Relaxatio . : - |
 metals | ot o
_\Z; UkrSSR. Podvizhnost! atomov v bistallichoakoyérosggzgg (Mobility of
Sg,m;gEin ﬁlrystal 1z.xttice). Kiev, Izd-vo Naukova dumka, 19 5., |
avo! . e

tal lattico defect,- !
TOPIC TAGS: metal crystal, crystal lattice, Frctlmrdntsal, Crys o dofgh
| AT e y »

) tal cr’ystal-r" e
ABSTRACT: A relaxation method for tho i;ugyiof ngﬁz ﬁ;ﬁ;"i o the soparate | |
* . 0 S 7 e
lattices is presented. ThetgrOPZizgg‘;‘zs of vacancy formation Qg and vacancy . U
doternination of the activation rmination of | &

te
11lit in metal crystal lattices. The method 18 baged on the dé
o T n time as a function of the temperature

i1 29800-66— :
ACC NRY 476016344, _ _ 3 |
APPROVED FOR RELEASE: 09/17/2001  CIA-RDP86-00513R000722820008

, V=29 exp(Sa/R) exp(-- Qu/RT) ‘ SR N

B P=4{Ddt .

/R) exp(—Q./RT)
XD (— SR ox (@
aszgXp ( Sm/ R) exp (R_T.)

. J

where

g 18 the number of vacancy jgmps per second, Z is the coordination number,. :
VD is Debye frequency, S, is ent;'opy of activation for vacancy mobility,—/e is
" distance between sources and sinks of vacancies, ‘DB is diffusion coefficient of

vacancies, § is lattice cons‘t.ant,- and n is the number
Zpe The relaxation time T

of vacancy jumps during time | »

T 1s determined by measuring the electrical resistanc '
of a metal specimen as a.function of time and temperature when the specimen is R
subjected to rapid heating, The changes in temperature A T2, AT;,)eetc,r corre- |

"sponding to changes in resistance A Rz, A Ry, ete for corresponding rates of ~

heating 02, 03’ th, a%‘e obtained graphically (590 Fig. 1). Fromthese,r
follows as ;,."t:";__.'d_ﬂ=t_sz, R : o T

. *
ia. M mft”‘ . A”l et
fosl —P.«— w.-i74Mf\?‘&L‘<f! ’
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¥ Fig. 1. Temperature dependonce of the electrical f,, Y ) J ]

- | resistance of metals for different rates of i “" KL ¢ R

;| heating. -1 - lattice with equilibrium vacancies \ A | S A

.| concentration, small heating rate; 4 - lattice o anr

{| without vacancies, large heating rate; , AT

*| 2, 3 - intermediate curves. - v A .

and Q from T =AXP(Qm/RT). ] ' e e BRI

The value of Qg is derived from a graph of 1n Aﬂi vs % The mothod wag

 bested on aluminum specimens, and a schematic of the experimental installation is
presented, It was found that the relaxation time for Al at the melting point was

1.9 x .'LO'2 sec and Qe =17+ 4 keal/mole, A variation of the above method affords
a study of the kinetics for the reestablis
tions. This method is based on the dete
resistance 4 1= Q

hment of equilibrium vacancies concentra- -
rmination of the change in the electrical
1~ Yops vwhere Q o1 18 the electrical resistance of an

ideal lattice at Ty and Q is the equilibrium value of the electrical resistance

" 8p = Ap, [1 —exp (—‘ff/'%.r.)l.‘
Orig. art. has: 7 figures and 4-equations,
SUB GODE: 20/// SUBM DATE:  O7Decé,

- .Cord. 3/3ﬁv
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AUTHORS: Kighkin, S. T.s Polyak, E.
1 G, M. Kurayeva, 6. 7. 4

ORG: none

TITLE: Structural M.@.@i&nﬁ in j_i_t_mim alloys
o B
Soveshchaniye po metallokhimii,

SOURCE:
splavov, 6th. Novyye issledovaniya ti
lalloys); trudy soveshchaniyae Moscow,

TOPIC ’.EAGSV: A titanium,
VP16 alloy, VT15 alloy, VM0 alloy
ABSTRACT: The s i’ub t

ural 4ranafo
the types VT3-1Myri4)

a vr6,l

out by means of electron microscopy.
annealed at different temperatures ar

conditions leads to a phase transformation in the alloys.

annealing, phase composition
, titanium alley, e

8 alloy of VT1
taining an intermetalloidal strengthening agent, were studied,

SOURCE CODE? M/ooooﬁmwwmﬂmq ;
: » L
Solonina, Q. P.; Moiseyev, V. N.; Tarasenko, | .- i

V.;

- el
metallovedeniyu i primeneniyu titana i yego
tanovykh splavov (New research on titanium = Y

Izd-vo Nauka, 1965, 82-88 : :

alloy,

ectron microucopy/ VI3-1 alloy, VT4 ailoy, ‘

lons ‘induced by annesling in (o + ) alloys of
i‘ﬁd in « alloy of _gm,‘]gcon- ;
The study was carried
‘Electron microscope photographs of specimens »
e presented. Annealing alloys under different -

The optimum phase composi~’

tion that possesses maximum strength and Plasticity was found to consist of single o -] .

phase regions and highly dispersed he

from the decomposition of the metastable A -phase.

SUBM DATE:
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terogeneous ( ot + ,G) phase, regions resulting . o
Thermal stability of alloys may be )

Orig. art. hes: 2 figures. .

the alloy.
02Dect

CIA-RDP86-00513R000722820008-2"

09/17/2001



CIA-RDP86-00513R00072282008-2

SR AR R

"APPROVED FOR RELEASE: 09/17/2001

N Ty ey X LIT T
S i o s ol O 4 3 PR P S Bl S s T ks B BRI L b

L 3890968 _BWMm)/T/8WP{L)/ETL/B0R(K)  1JP(e)  Jp/mw _
ACC NR:  AP6019769 SOURCE GODE:  UR/0370/66/000/003/0125/0129 47|

/j
: L., (Moscow) ; Glazunov, S. G. (Moscow) ; Khorev, A. I, (Moacow);é
u, L. '(Moscow s ghilina, E. M. (Moscow

AUTHOR;
. Rubin,

ORG: none

TITLE: The use.of high-temperature thermomechanical treatment 1in the manufacture of

extruded BT-15. titanium alloy tubes /g /
T 7 —

SOURCE: AN SSSR. Izvestiya. tetally, no. 3, 1966, 125-129
TOPIC TAGS: titanium alloy, alloy tube, tube heat treatment, thermomechanical treat-
ment, high temperature treatment, aluminum containing alloy, chromium containing
"alloy/VT15 alloy < ’ : :

]

ABSTRACT: Vacuum-arc melted ingots of VT15 titanium-base alloy (2.99—3,05% Al,

10.7—11.1% cr) were conditioned by machining and extruded!Into bars 187 mm in diam-
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